The impact of recent efforts to reduce the content of industrially produced trans fatty acids (TFA) in foods has not been systematically assessed in any country. Concerns exist that food manufacturers/restaurants may replace TFA with saturated fat acids (SFA), rather than cis unsaturated fats, or increase the total fat content. We present findings from a national systematic assessment of grocery and restaurant foods likely to contain TFA in Canada in [2005][2006][2007]. Of the total of 221 assessed products, 92 (42%) contained TFA (X5% of fatty acids) on initial assessment. Of an unselected sample assessed more than once, 72% were reformulated during 2005-2007: mean±s.d. TFA levels decreased from 26±13 to 2±4%. Following reformulation, one product had similar TFA þ SFA content; all others had decreased TFA þ SFA and increased cis unsaturated fat content. The total fat content was generally unaffected. The findings suggest that manufacturers/restaurants generally take advantage of costs and efforts of reformulation to not only reduce TFA but also increase the content of cis unsaturated fats.
Introduction
Industrial trans fatty acids (TFA) are formed during partial hydrogenation of vegetable oils to create semi-solid fats for use in commercial baking and frying, margarines and food manufacturing. Consumption of industrial TFA increases the risk of coronary heart disease, and possibly also the risk of sudden cardiac death, diabetes and adiposity (Mozaffarian et al., 2006) . Recent efforts to reduce TFA consumption have included legislation to limit TFA use (Leth et al., 2006; New York City Department of Health and Mental Hygiene, 2007) and mandated inclusion of TFA content on food labels (Health Canada, 2005; U.S. Food and Drug Administration, 2005) . Although such efforts have likely reduced TFA in many foods, the scope of such changes has not been systematically assessed in any country. Moreover, concerns exist that food manufacturers and restaurants may choose to replace TFA with saturated fatty acids (SFA), rather than cis unsaturated fatty acids, or increase the total fat content (Eckel et al., 2007) . Unfortunately, no contemporary largescale assessments of TFA in foods or of product reformulations to reduce TFA have been available to assess these important questions. Such investigation has been limited by the rapidity, scope and proprietary nature of product reformulations. In 2002, Canada passed regulations requiring mandatory TFA food labeling, which came into force on most packaged foods by (Health Canada, 2005 . We present findings from a national systematic assessment of both grocery and restaurant foods likely to contain TFA in Canada in [2005] [2006] [2007] , the period following mandatory labeling of TFA content. We report the numbers of products still containing TFA, numbers undergoing reformulation to reduce TFA during this period, and changes in the content of TFA, TFA þ SFA, cis unsaturated fat and total fat in the reformulated foods.
Methods
Between 2005 and 2007, Health Canada assessed the content of TFA, other fats and total fat in 221 individual manufactured and restaurant foods in Canada likely to contain TFA (Table 1) (Health Canada, 2007) . Measurements were performed in three government laboratories (Ottawa, Toronto, Winnipeg) using fatty acid methyl ester (FAME) esterification, capillary gas chromatography, FAME standards and established quality assurance procedures (AOAC Official Method 996.06, 2001; Health Canada, 2007) . We report the numbers of products containing TFA, numbers of products reformulated during this time period to reduce TFA content, and changes in fat types and total content in reformulated foods, specifically changes in TFA (percent fatty acids), TFA þ SFA vs cis unsaturated fats (percent fatty acids) and total fat (percent weight). For seven products, post-reformulation data were based on manufacturer reports to Health Canada following a review of the analytical procedure, the gas chromatographic chart of the fatty acid profile and final fatty acid data for validity. Detailed assessments of other findings (for example, individual fatty acids) in this national assessment are ongoing. For instance, data have been published for margarines (Ratnayake et al., 2007) , and details for other food categories will be published elsewhere when available.
Results
Among the 221 major grocery and restaurant food products in Canada that might contain TFA (Table 1) , nearly half (42%) contained TFA on initial assessment in 2005-2007, including 12 products with 5-10% TFA and 80 products with 410% TFA. Of the TFA-containing products, nearly one-third were subsequently discontinued by the manufacturer (n ¼ 8), reported as reformulated but not yet re-assessed (n ¼ 12) or measured for the first time in 2007 (n ¼ 7). Of the remaining 65 products, TFA levels were assessed more than once in 2005-2007 (at least 3 months apart) in an unselected sample of half (n ¼ 32) of the products, including cookies, crackers, breakfast bars, frozen potato products and margarines manufactured by major brands, and major fast food restaurant chicken nuggets, french fries, onion rings and other fried foods. For nearly 75% (23 of 32) of these products, the manufacturer reformulated the food during this time period to decrease the TFA content. With reformulation, average (mean ± s.d.) TFA levels decreased from 26 ± 13% (median 27%) to 2±4% (median o1%). The distribution of changes demonstrated substantial reductions in TFA (Figure 1) . With reformulation, an increase in TFA þ SFA content was not seen in any product; one product (4%) had no change in TFA þ SFA; all other products (96%) had decreased TFA þ SFA and increased cis unsaturated fat content (Figure 1 ). Average TFA þ SFA content was reduced from 53±12% (median 56%) to 30±19% (median 22%). Average SFA content following reformulation (28 ± 19%, median 19%) was similar to that of the 129 food products containing o5% TFA on initial measurement in [2005] [2006] [2007] (24 ± 18%, median 17%). In 78% (18 of 23) of the reformulated products, total fat (percent weight) was increased (n ¼ 9) or decreased (n ¼ 9) by less than 3% absolute change; in four of the reformulated products, the total fat content was increased by 5.0-8.4% absolute change; and in one product, the total fat content was decreased by 4.8% absolute change. Average absolute change in total fat content was 0.8 ± 3.0% (median 0.3%).
Discussion
Among the major grocery and restaurant food products in Canada that might contain TFA in 2005-2007, nearly half (42%) contained X5% TFA on initial assessment. Many were subsequently discontinued or reformulated to reduce TFA; in those assessed more than once, nearly three-quarters TFA, trans fatty acids. Individual foods were selected based on AC Nielsen market share for pre-packaged foods to provide at least 80% market coverage (by sales volume) and from major fast food restaurant chains. Samples of foods from fast food and restaurant establishments consisted of a single homogenized portion from a single lot. Samples of grocery products consisted of homogenized samples (combining portions from three consumer-sized packages); for most products, at least two such homogenized samples from different lots were combined.
had undergone reformulation, with average reduction to p2% TFA. Following reformulation, only one product had unchanged content of cis unsaturated fats; all others had increased cis unsaturated fats, most with absolute increase X10% of fatty acids and half with absolute increase X20%. The total fat content was generally unchanged. The rapidity and breadth of these changes suggest a relation, at least in part, to the newly mandated TFA labeling in Canada and concurrent publicity surrounding other legislation (for example, in New York City). Indeed, many products found to not contain TFA on our initial assessment might have previously contained TFA but been reformulated in anticipation of labeling enforcement in December 2005. The Canadian regulatory environment-particularly regarding food labels requiring specification of TFA, SFA, and total fat contents-likely influenced both the decisions to reformulate the products and the choices of replacement fats/oils. Conversely, many reformulated products (for example, those from fast food/restaurants) did not have labeling, suggesting that other considerations (for example, cost, public perception, health interests) may have also played a role. Our findings may not be generalizable to all environments. Food reformulations could vary in developing countries with less empowered consumers, in countries without food labeling for TFA and SFA, or for foods sold in schools or cafeterias. Nonetheless, this first large-scale contemporary assessment of TFA contents and reformulations suggests that, at least in industrialized nations with food labeling, rather than replacing TFA with SFA or increasing total fat content, food manufacturers/restaurants are generally taking advantage of costs and efforts of reformulation as an opportunity to not only reduce TFA but also increase the content of cis unsaturated fats. Such reformulation may provide additional health benefits beyond those due to lower TFA content. Most of the assessed food manufacturers and restaurants have global reach, and these findings should encourage food and restaurant industries in other regions that it is possible to reformulate foods to both eliminate industrial TFA and improve overall fatty acid composition.
